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Abstract
We have made a high-resolution VLBI observation of the gamma-ray loud quasar PKS 1622−297
with the HALCA spacecraft and ground radio telescopes at 5GHz in 1998 February, almost three years
after the source exhibited a spectacular GeV gamma-ray flare. The source shows an elongated structure
toward the west on the parsec scale. The visibility data are well modeled by three distinct components;
a bright core and two weaker jet components. Comparison with previous observations confirms that the
jet components have an apparent superluminal motion up to 12.1h−1c, with the inner jet components
having lower superluminal speeds. We apply the inverse Compton catastrophe model and derive a Doppler
factor, δ, of 2.45, which is somewhat lower than that of other gamma-ray loud active galactic nuclei
(AGNs), suggesting the source was in a more quiescent phase at the epoch of our observation. As an
alternative probe of the sub-parsec scale structure, we also present the results from multi-epoch ATCA
total flux monitoring, which indicate the presence of persistent intraday variability consistent with refractive
interstellar scintillation. We examine the gamma-ray emission mechanism in the light of these observations.
Key words: galaxies: active — galaxies: jets — galaxies: quasars: individual (PKS 1622−297) —
ISM: general — techniques: interferometric
1. Introduction
Observations made with the EGRET (Energetic
Gamma Ray Experiment Telescope) gamma-ray detector
onboard the CGRO (Compton Gamma Ray Observatory)
spacecraft resulted in the identification of nearly 70
gamma-ray emitting AGNs (Hartman et al. 1999), with
more recent studies increasing the number of EGRET
sources with at least one plausible AGN association by
∼ 50 (Sowards-Emmerd et al. 2003, 2004). These are
predominantly radio-loud AGNs, which suggests a strong
connection between the gamma-ray emission and the radio
emission.
Recent VLBI observations have revealed several inter-
esting features of the parsec-scale structures in gamma-
ray loud AGNs. Jorstad et al. (2001a) completed multi-
epoch VLBA (Very Long Baseline Array) observations of
42 gamma-ray loud AGNs at 22.2 and 43.2GHz, and oc-
casionally 8.4 and 15.4GHz. From these they found that
10 gamma-ray flares in eight objects fall within 1 σ uncer-
tainties of extrapolated epoch of zero separation from the
core of a superluminal radio component. In addition they
compared their observations with variability of polarized
radio flux and gamma-ray flares, and suggest that gamma-
ray emission occurs in the superluminal radio components
(Jorstad et al. 2001b). The fact that the gamma-ray flare
occurs close to the time of the maximum polarized ra-
dio flux density and after the mm-wavelength radio flare
favors a model in which the gamma-ray emission is pro-
duced by inverse Compton scattering by the electrons in
the parsec-scale jet rather than closer to the central en-
gine.
Gamma-ray emission from inverse Compton scattering
(e.g. Sikora et al. 1994) requires a smaller jet viewing an-
gle and higher Doppler factor because the emission should
be concentrated in the jet direction. Jiang, Cao, and
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Hong (1998) compiled the published data for 52 AGNs
(including 18 EGRET AGNs), for which measurements
of the angular size and radio flux density of the VLBI
core, proper motion of the components in the jet, and
X-ray flux density were available. They applied the in-
homogeneous jet model of Ko¨nigl (1981) to the sample
and showed that the derived mean viewing angle for 14
EGRET sources is 4.◦9 and the Doppler factors of these
sources are greater than 4.7. These results also indi-
rectly support the gamma-ray emission model by inverse
Compton scattering. However, there are still large un-
certainties for the derived parameters in gamma-ray loud
AGNs and it is therefore important to verify the milliarc-
second (mas)-scale properties for individual sources pre-
cisely by VLBI observations.
In this paper we report the results of an observa-
tion of PKS 1622−297 (J1626−2951) by VSOP (VLBI
Space Observatory Programme), consisting of the radio-
astronomy spacecraft HALCA and ground radio tele-
scopes located around the world (Hirabayashi et al. 1998).
VSOP observations enable improvement of the angular
resolution by up to a factor of three compared to ground-
only VLBI observations at the same frequencies.
PKS 1622−297 is one of the gamma-ray emitting
sources with a high-confidence identification by EGRET
(Hartman et al. 1999). During an outburst at epoch
1995.48, the source was the most luminous gamma-ray
emitting AGN ever detected and showed rapid gamma-
ray variability by a factor of at least 3.6 in less than
7.1 hours (Mattox et al. 1997). It is a strong, com-
pact radio source optically identified as a quasar (Saikia
et al. 1987; Stickel et al. 1994) with a fractional po-
larization of more than 4% at cm-wavelengths (Tabara,
Inoue 1980; Impey, Tapia 1990). Previous results of
VLBI observations are described by Tingay, Murphy,
and Edwards (1998), Fomalont et al. (2000), Jorstad
et al. (2001a), and Tingay et al. (2002).
PKS 1622−297 has also been reported to display in-
traday variability (IDV) at 8.6GHz at two epochs in
1994 (Kedziora-Chudczer et al. 2001). Both intrinsic and
extrinsic origins have been suggested for IDV (Wagner,
Witzel 1995), while current radio observations show that
interstellar scintillation (ISS) is mainly responsible for
the rapid IDV feature, such as the annual modulation in
the scintillation timescale (Rickett et al. 2001; Jauncey,
Macquart 2001; Bignall et al. 2003b), and detection of
time delay across the 10,000km baseline between ATCA
and VLA (Jauncey et al. 2003). Both intrinsic and extrin-
sic explanations require very compact source structure.
We present here the results of multi-frequency multi-epoch
monitoring of PKS 1622−297 with the Australia Telescope
Compact Array (ATCA) and discuss the origin of the IDV,
and consider the gamma-ray emission mechanism based
on both the VSOP and ATCA observations.
A redshift of z = 0.815 was listed in Wright and
Otrupcek (1990), corresponding to an angular-to-linear
scale conversion of 5.3h−1 pcmas−1 assuming a Hubble
constant, H0, of 100h km s
−1Mpc−1, a flat universe with
a cosmological constant, ΩΛ = 0.7, and a pressureless
matter density parameter, Ωm = 0.3 (Balbi et al. 2000).
However, this redshift has been questioned (Jackson
et al. 2002), and so although we adopt it in this paper, it
should be kept in mind that confirmation of this value is
required.
The details of the observations and data reduction are
described and the results are presented in section 2 and 3
for VSOP and ATCA observations, respectively. In sec-
tion 4, we discuss the mas-scale structure and the gamma-
ray emission mechanism in the light of these observations.
Throughout this paper, we define the spectral index, α,
as Sν ∝ ν
α.
2. VSOP Observation
2.1. Observation and Data Reduction
The VSOP observation was made in left-circular polar-
ization at 5GHz on 1998 February 22, as a part of the
VSOP AGN Survey Program (Hirabayashi et al. 2000).
The ground radio telescopes were Hartebeesthoek 26m
(South Africa), Hobart 26m (Australia), and Shanghai
25m (China). Data from HALCA were transferred via
the Tidbinbilla (Australia) tracking station. The data
were correlated at the Dominion Radio Astrophysical
Observatory S2 correlator (Carlson et al. 1999) in
Penticton (Canada). Output pre-averaging time were
0.1 second for space–ground baselines and 2 seconds for
ground–ground baselines, respectively. The observation
bandwidth was 32MHz and the total observing time was
4.5 hours.
We carried out post-processing of the correlated data
using the Astronomical Image Processing System (AIPS)
software developed by the National Radio Astronomy
Observatory (NRAO) and the Caltech software Difmap
(Shepherd 1997). We applied a priori amplitude calibra-
tion using the antenna gain factors and system noise tem-
perature measurements. For fringe-fitting, we used a so-
lution interval of three minutes and a point-source model,
with Shanghai serving as the reference telescope. We de-
tected fringes on all ground–ground baselines. On the
space–ground baselines, however, we could detect signifi-
cant fringes only within an hour from the beginning of the
observation, corresponding to the shorter space baselines,
and so we excluded the HALCA data after that time.
We exported the fringe-fitted visibility data to Difmap
for imaging. At first we integrated the data over 10 sec-
onds to reconcile the different preaveraging time from
the correlator output, and performed several iterations
of cleaning and self-calibration to the phases. To en-
sure a better angular resolution with the HALCA data,
we adopted uniform weighting of the data with gridding
weights scaled by amplitude errors raised to the power of
−1 (Hirabayashi et al. 2000). Figure 1 shows the (u, v)
coverage of all baseline pairs for the times that fringes
were successfully detected. The elliptical tracks represent
the baselines between ground stations, while space-ground
baselines contribute to the approximately linear inner and
outer tracks. The longest baseline of the observation is
17,000km, corresponding to 1.3 times the Earth’s diame-
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Fig. 1. (u, v) coverage for the VSOP observation of PKS
1622−297 at epoch 1998.15 (1998 February 22).
Fig. 2. 5GHz VSOP image of PKS 1622−297 at epoch
1998.15 (1998 February 22). The restoring beam is 0.91mas
× 0.58mas at a position angle of 7◦, which is indicated at the
lower left corner. Contour levels are 9.5 × (−1, 1, 2, 4, ..., and
64)mJy beam−1, and the peak flux density is 0.84 Jy beam−1.
The labels show the Gaussian model fitting components. See
table 1 for detailed parameters.
ter.
2.2. VSOP Results
Figure 2 shows the image of PKS 1622−297. We de-
tect three components, which are the bright core, C, a
moderately bright jet component, J2, 1.3mas from the
Fig. 3. Calibrated visibility amplitudes (top) in Jy and
phases (bottom) in degree as a function of the (u,v) distance.
Dotted lines show the clean component model used for restor-
ing the image in figure 2.
core, and a weak jet component, J1, 4.2mas from the core.
The jet extends to the west, which is consistent with pre-
vious results (Tingay et al. 1998; Fomalont et al. 2000;
Jorstad et al. 2001a; Tingay et al. 2002). However we
did not detect the stationary component ∼ 15mas from
the core, which was detected by Tingay, Murphy, and
Edwards (1998) and Fomalont et al. (2000) at 5GHz, and
Jorstad et al. (2001a) at 15GHz. This component is rela-
tively faint in the 5GHz observation (Tingay et al. 1998)
and even weaker (∼ 30mJy) in the 15GHz observations
(Jorstad et al. 2001a). The flux density of the compo-
nent at 5GHz was 50mJy at epoch 1994.64 (Tingay et al.
1998) and 40mJy at epoch 1996.43 (Fomalont et al. 2000).
The upper limit of the component on our image at epoch
1998.15 is 20mJy, which corresponds to the 7σ detection
limit. Although it is likely that the component is resolved,
the sparse (u,v) coverage of our observation may result in
a dynamic range that is not adequate to detect the com-
ponent.
Figure 3 shows the calibrated visibility amplitudes and
phases as a function of (u,v) distance. The clustered vis-
ibilities in the range between 120Mλ and 170Mλ are the
ground-ground baseline data, while the space-ground vis-
ibilities are widely distributed up to 280Mλ. The space-
ground visibilities show that the source is clearly resolved.
We could not detect significant fringes on baselines longer
than 280Mλ, indicating that the source is being resolved
out on those baselines.
The shortest baselines sampled in the observation are
∼ 40Mλ, as shown in figure 3. PKS 1622−297 was
fortuitously observed one week earlier as part of the
multi-epoch ATCA monitoring of VSOP Survey Program
sources, yielding flux densities on the ATCA 6 km
baseline of 2.33 Jy at 1.384GHz, 2.23 Jy at 2.496GHz,
2.41 Jy at 4.800GHz, and 2.49 Jy at 8.640GHz (Tingay
et al. 2003). A single-dish measurement from the
University of Michigan Radio Astronomy Observatory
(UMRAO) gave an 8.0GHz flux density of the source of
4 K. Wajima et al. [Vol. ,
2.49±0.06Jy on 1998 February 28, in excellent agreement
with the ATCA value. The spectral index between 4.8 and
8.6GHz at this epoch was comparatively flat, α ∼ 0.1:
Figure 2 of Tingay et al. (2003) reveals that the spec-
trum was more inverted earlier and later in the moni-
toring program. The contemporaneous flux density mea-
surement is consistent with a simple extrapolation of our
correlated flux density to smaller baselines. We also ex-
amined our amplitude calibration using gscale in Difmap
and resulted in correction factors of less than 10% for all
stations. We therefore believe the amplitude calibration
of our observation to be reliable.
2.3. Model Fitting and Proper Motion of Each
Component
To quantify the size and relative location of compo-
nents, we modeled the calibrated visibility data with el-
liptical Gaussian components. Table 1 gives the model
fitting results and the position of each component is indi-
cated in figure 2. We performed the model fitting using
the task ‘IMFIT’ in AIPS.
The data were modeled satisfactorily by three distinct
components. The brightest component, labeled C, is the
brightest and most compact, consistent with it being the
core. Weaker components, labeled J2 and J1, are situated
to the west of the core. We compared the positions of each
component with those measured by Jorstad et al. (2001a).
Figure 4 shows the distance of each component from the
core as a function of observed epoch. The results of a
least-squares linear fit for each component are also plot-
ted as dashed lines on figure 4. Component J2 can be
identified with the B1+D1+E2 of Jorstad et al. (2001a),
and J1 with their component F2. Tingay et al. (2002)
have obtained an image of PKS 1622−297 with VSOP at
a different epoch from ours and detected a weak jet com-
ponent toward the west approximately 1.5mas from the
core. Although they do not apply model fitting to this
component, they mention that it is likely to be compo-
nent B1+D1+E2. Our results clearly show that these two
components are identical.
Jorstad et al. (2001a) have also detected the component
F1, as shown in figure 4. F1’s position was less well-
defined, and its motion appeared to be much sower than
that of F2. Extrapolating the motion of F1 suggests it
would be located 5.6±0.5mas from the core at the epoch
of our VSOP observation. This position is slightly beyond
the northwestern extension of J1 (see figure 2), and so it
is possible that J1 may be a blended component of F2 and
F1.
We could not detect the component that corresponds
to B2+D2+E3 detected by Jorstad et al. (2001a). If we
assume a linear motion of B2+D2+E3, we would detect
the component with ∼ 0.4mas separation from the core.
While there is emission evident at this location in figure 2,
it is adequately represented by our modelfits for compo-
nents C and J2. Our non-detection may be due to in-
sufficient angular resolution. However, we point out that
Tingay et al. (2002) also did not detect this component
in their VSOP image at epoch 2000.32. Their observa-
tion had better angular resolution than ours and suggests
that B2+D2+E3 has either faded away or has a signif-
icantly different speed than that determined by Jorstad
et al. (2001a).
Apparent proper motions of µ = 0.13 ± 0.01 (for
B2+D2+E3), 0.34± 0.02 (for J2), and 0.70± 0.11 (for
J1) correspond to apparent velocities of (2.2± 0.2)h−1,
(5.9±0.3)h−1, and (12.1±1.9)h−1, respectively (see also
table 2). The ejection epochs listed in table 2 are de-
rived by extrapolating the linear relations of each com-
ponent. The ejection epoch of J1 is estimated to be
1992.39± 0.73. This is coincident with a local maximum
in the gamma-ray emission at 1991.95 although there is
a relatively large error. Although the gamma-ray light
curve is under-sampled, the coincidence suggests a close
relationship between gamma-ray emission and ejection of
a new jet component.
Jorstad et al. (2001a) pointed out that inner compo-
nents have superluminal speeds but they are lower than
those of outer components. The apparent speed of J2 is
half that of J1 and our result, combining with results by
Jorstad et al. (2001a), confirms this tendency. We will
discuss features of each component derived from βapp and
the Doppler factor in section 4.1.
3. ATCA Observations
3.1. Observation and Data Reduction
PKS 1622−297 was included in a sample of 118 com-
pact, flat-spectrum AGN observed at two-epochs and four
frequencies with ATCA as part of survey for sources dis-
playing IDV (Kedziora-Chudczer et al. 2001). Twenty-
two sources (19% of the sample) were found to display
significant IDV at at least one frequency and at least one
epoch, with significant IDV observed for PKS 1622−297
at 8.6GHz at both epochs. This led to the inclusion of
PKS 1622−297 in the sample of 21 sources monitored with
the ATCA by Bignall (2003a).
PKS 1622−297 was monitored at 4.8GHz and 8.64GHz
at ten epochs between 2001 February 4 and 2002 February
21. The observing technique and data reduction methods
are described in detail in Bignall et al. (2003b); briefly,
observations at each epoch were generally made over a
two-day period. Sources were observed in scans of up to 5
minutes every ∼ 1 hour while they were above an elevation
of 15◦. A number of calibrator sources were included in
the observing schedule and observed in a similar manner.
The data were reduced in MIRIAD (Sault et al. 1995).
Time-dependent antenna gain corrections were derived at
each frequency from observations of the calibrators, and
found to vary by <∼ 1% over each epoch. After applying
these gain corrections, averaged over 30–60 minutes and
linearly interpolated, phase self-calibration was performed
using a point source model and 10 second integrations.
The real parts of the visibilities for Stokes parameters I,
Q, and U were averaged over intervals of several minutes.
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Table 1. Model fitting results.
Component S∗ r† φ‡ θmaj
§ θmin
‖ P.A.# TB
∗∗
(Jy) (mas) (deg) (mas) (mas) (deg) (1011 K)
C 1.50± 0.01 0 0 0.71± 0.01 0.54± 0.01 −78.9± 1.7 3.73± 0.07
J2 0.34± 0.02 1.31± 0.05 −81.2± 2.3 2.09± 0.08 1.05± 0.07 69.1± 2.8 0.15± 0.01
J1 0.13± 0.01 4.28± 0.07 −78.1± 0.9 1.58± 0.12 0.69± 0.12 −50.7± 5.1 0.11± 0.02
Notes.
∗ Flux density of each component.
† Distance of each component from the origin defined by component C.
‡ Position angle of each component with respect to the origin (east of north).
§, ‖, # Parameters of Gaussian model: major and minor axes in mas (FWHM) and the position angle (P.A.) of the major axis.
∗∗ Peak brightness temperature given in the rest frame of the host galaxy (assuming z = 0.815; see section 1).
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Table 2. Apparent proper motion of each component.
Component Proper motion Apparent velocity Ejection epoch
(mas yr−1) (yr)
B2+D2+E3 0.13± 0.01 (2.2± 0.2)h−1 c 1994.94± 0.08
B1+D1+E2, J2 0.34± 0.02 (5.9± 0.3)h−1 c 1994.25± 0.10
F2, J1 0.70± 0.11 (12.1± 1.9)h−1 c 1992.39± 0.73
Table 3. ATCA monitoring results.
Epoch Time span N4.8 S¯4.8 m4.8
∗ S4.8max−S
4.8
min N8.6 S¯8.6 m8.6
† S8.6max−S
8.6
min
(days) (Jy) (%) (Jy) (Jy) (%) (Jy)
2001 Feb 4 2.77 24 2.78 1.4 0.12 25 2.76 1.8 0.15
2001 Mar 17 1.96 26 2.90 0.6 0.06 26 2.71 0.8 0.07
2001 Apr 6 1.96 23 3.02 0.9 0.08 23 2.70 3.7 0.25
2001 Jun 2 1.42 22 2.58 3.8 0.32 22 2.28 3.9 0.28
2001 Aug 4 0.86 9 2.59 1.2 0.09 9 2.13 0.7 0.04
2001 Aug 11 1.15 15 2.43 1.2 0.08 15 2.14 0.9 0.06
2001 Sep 20 2.12 25 2.51 2.3 0.21 24 2.26 3.2 0.26
2001 Nov 29 1.45 20 2.88 0.7 0.07 20 2.62 1.2 0.13
2002 Jan 4 1.97 21 2.76 0.4 0.04 21 2.52 1.6 0.12
2002 Feb 21 2.07 10 2.83 1.6 0.13 10 2.33 1.7 0.14
∗, † We expect to see rms variations up to 0.5% as a result of measurement uncertainties.
3.2. ATCA Results
The results of the ATCA monitoring are given in ta-
ble 3. At each epoch, the time spanned by the observa-
tions of PKS 1622−297 is given, together with the num-
ber of measurements (N ; usually the same at 4.8 and
8.6GHz), the mean flux density (S¯), the modulation in-
dex (m = 100σS/S¯), and the range of the measured flux
densities (Smax − Smin), at each frequency. The results
are shown graphically in figure 5. The upper and lower
panels of figure 5 show the observation on 2001 June
2 – 3, when the largest amplitude IDV was observed
(Smax − Smin ∼ 0.3 Jy), and long-term flux variation, re-
spectively. Variations at a level exceeding that expected
from measurement uncertainties are seen at both frequen-
cies at all epochs, with formally significant evidence of
IDV present at at least one frequency at almost all epochs,
whereas Kedziora-Chudczer et al. (2001) had succeeded
in detecting IDV at only 8.6GHz. PKS 1622−297 had
the highest mean linear polarization at 4.8GHz of the 21
sources in the sample, 5.3%, with similar percentage linear
polarization at 8.6GHz. The on-axis and linear polariza-
tion feed design of the ATCA also enables accurate mea-
surements of circular polarization (Rayner et al. 2000),
and we note significant levels of circularly polarized radio
emission were detected from PKS 1622−297. At 4.8GHz,
a circularly polarized flux density, averaged over three
epochs, of−4.8mJy was detected, corresponding to a frac-
tional circular polarization of −0.16% (the negative sign
indicating left-handed polarization).
A number of models have been proposed for the origin
of circular polarization, ranging from intrinsic processes to
propagation effects (see, e.g., Rayner et al. 2000). Given
the detection of IDV in PKS 1622−297, the model for
scintillation-induced circular polarization is of particular
interest (Macquart, Melrose 2000). Significant IDV was
also observed for PKS 1622−297 in Stokes Q and U , how-
ever we limit our discussion here to the IDV in the total
flux density.
4. Discussion
4.1. Estimation of Brightness Temperature, Doppler
Factor, and Jet Viewing Angle
From the model fitting parameters we can calculate the
source brightness temperature in the source’s rest frame,
TB, as
TB = 1.41× 10
9(1+ z)(θmajθmin)
−1Sλ2 K, (1)
where θmaj and θmin are the FWHM sizes of the compo-
nent in the major and minor axes in mas, S is the flux
density of the Gaussian component in Jy, and λ is the
observation wavelength in centimeters. The brightness
temperature of each component is given in table 1. The
brightest component C has TB = (3.73± 0.07)× 10
11K.
The upper limit of the observed brightness temperature
is caused by inverse Compton catastrophe (Kellermann,
Pauliny-Toth 1969). Using formulae (1a) and (1b) in
Readhead (1994), the inverse Compton scattering limit
can be calculated as TB,ic = 1.02× 10
11K. To derive this,
we adopt a synchrotron peak frequency, νpeak, of 43GHz,
a spectral index of −0.7 and assume a synchrotron high-
frequency cutoff of 104GHz. Jorstad et al. (2001a) re-
port that the component A, assuming as a core, has
an inverted spectrum between 15.4, 22.2 and 43.2GHz
from the simultaneous VLBA observations. On the other
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Fig. 5. Results of the flux density monitoring in the ATCA IDV survey program at 4.8 and 8.6GHz. (Top) Total flux density at
4.8GHz (left) and 8.6GHz (right) on 2001 June 2 – 3, when the largest amplitude IDV was observed. Horizontal axis shows hours
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hand, 88, 150, and 230GHz single-dish measurements at
the IRAM 30m telescope (Steppe et al. 1993; Reuter
et al. 1997) show that the source has optically thin spec-
trum at these frequencies and the flux densities are lower
than that at 43GHz by VLBA (see figure 6). We com-
piled these results and obtained νpeak and α, although
each observation was made at a different epoch. In ad-
dition, we adopt a similar value of the synchrotron high-
frequency cutoff obtained in the gamma-ray loud quasar
3C 279 (Piner et al. 2003). To reconcile with our TB,
a Doppler factor, δic, of 2.45± 0.05 is required. Here
a factor of 0.67 has been used to convert the value of
TB, derived assuming a Gaussian component, to that for
an optically thin uniform sphere (Marscher 1987). The
equipartition brightness temperature limit, TB,eq can also
be estimated assuming the particles and magnetic field
are in equipartition (Readhead 1994). In PKS 1622−297,
TB,eq=1.03×10
11h−0.12 δ0.84eq K. From our observation we
derive δeq as (2.87± 0.07)h
0.14. Although the obtained
δeq is slightly higher than δic, it seems that the core re-
gion of PKS 1622−297 is not far from equipartition at this
epoch, in contrast with the results for several other core-
dominated sources from VSOP observations (NRAO 530,
Bower, Backer 1998; PKS 1921−293, Shen et al. 1999;
PKS 1741−038, Wajima et al. 2000).
The viewing angle, φ, can be obtained using βapp and
δ as
φ= tan−1
2βapp
β2app+ δ
2− 1
(2)
(Ghisellini et al. 1993). If each jet component has the same
δ as the nucleus we can obtain φ of the components by
adopting δic, as 23.
◦3± 0.◦7 (for B2+D2+E3), 13.◦2± 0.◦6
(for J2), and 6.◦9± 1.◦1 (for J1), assuming h= 0.75.
The derived δ and φ of each component are rather dif-
ferent from other gamma-ray loud AGNs. Especially, δ
and φ for PKS 1622−297 are very different from PKS
0528+134 (δ >∼ 15, φ ∼ 4
◦, Peng et al. 2001) and 3C 279
(δ >∼ 20, φ
<
∼ 4
◦, Piner et al. 2003; Jorstad et al. 2004),
which show extremely high maximum gamma-ray fluxes
of more than 400pJy (Hartman et al. 1999). As men-
tioned in section 1, inverse Compton scattering theory
(e.g., Sikora et al. 1994) requires a small jet viewing angle
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Fig. 6. Composite radio spectrum of PKS 1622−297. Data
are from Jorstad et al. (2001a) (VLBA), Reuter et al. (1997)
(IRAM), and this work (VSOP). The figure refers only to the
flux density of the core component at each frequency. The
data are not obtained simultaneously.
for the detection of gamma-ray emission in AGN. Previous
theoretical studies imply that objects having larger view-
ing angles, >∼10
◦, would be less likely identified as gamma-
ray sources (e.g., Dermer 1995; Arbeiter et al. 2002). We
cannot conclusively explain from our observation results
that the gamma-ray emission from this source is caused by
inverse Compton scattering by relativistic electrons in the
parsec-scale jet because the φ and δ of each component,
especially components B2+D2+E3 and J2, are incompat-
ible with other sources. On the other hand, Jiang, Cao,
and Hong (1998) report three gamma-ray emitting sources
which have larger viewing angles and lower Doppler fac-
tors: 0716+714 (φ = 44.◦9, δ = 1.4), Mrk 421 (φ = 35.◦2,
δ=1.3), and 1219+285 (φ=24.◦8, δ=2.1). Further VLBI
observations are needed for PKS 1622−297 and these
three sources, and further consideration as to whether it
is possible to detect significant gamma-ray emission from
AGNs having such large viewing angles.
It is apparent in figure 4 that the large gamma-ray flare
in 1995.48 occurs soon after the (extrapolated) ejection
of component B2+D2+E3 from the core, a coincidence
also noted by Jorstad et al. (2001a). Romanova and
Lovelace (1997) developed a dynamical model of gamma-
ray flares and VLBI outbursts of AGNs taking the gamma-
ray emission by inverse Compton scattering into account.
They applied their model to PKS 1622−297, fitting the
calculated light curve to that of the gamma-ray flare in
1995.48 observed by EGRET (Mattox et al. 1997), and
determined φ to be 5.◦7. This is much smaller than φ
of component B2+D2+E3 obtained from βapp and δic.
Acceptance of their model would then suggest the assump-
tion that each jet component has the same δ as the nucleus
is not completely valid.
Our observation reveals that PKS 1622−297 possesses
somewhat different features to other gamma-ray emitting
AGNs. However, the relatively low brightness tempera-
ture we measure may reflect the fact that the source was
in a relatively quiescent state at this epoch. A similar con-
clusion was drawn by Nakagawa et al. (2005) from their
VSOP observations of NRAO 530. To reveal the details of
the inner region of gamma-ray loud AGN, observations at
a mm-wavelength and higher angular resolution VLBI will
be essential. There are a number of future VLBI projects
that will have the capability of mm-wavelength and higher
angular resolution observations, such as the Korean VLBI
Network (KVN; Minh et al. 2003) and the next Space
VLBI mission (VSOP-2; Hirabayashi et al. 2004). The
KVN will be furnished with a multichannel receiver sys-
tem at 22, 43, 86, and 129GHz and it will be able to pro-
vide important information about wideband spectra, es-
pecially in the optically thin regime, for each component.
Higher angular resolution VLBI observations by VSOP-
2 will give conclusive results for the relation between the
gamma-ray flare and emergence of the new VLBI jet com-
ponent at closer region to the central engine. Especially,
VSOP-2 would be able to make observations in conjunc-
tion with the GLAST gamma-ray spacecraft (Burnett
et al. 2002), which will provide much improved angular
resolution and sensitivity (< 6× 10−9counts cm−2 s−1 for
a point source) compared to EGRET. This will enable the
above subject to be clarified.
4.2. Intraday Variability
In the ATCA 2001 June 2 observation, rapid flux den-
sity variations of ∼ 12% at both 4.8 and 8.6GHz were
detected within the first eight hours (see the upper panels
of figure 5). If the observed flux density variations are
intrinsic to the source, the variability brightness tempera-
ture, TB,var, can be calculated as ∼10
19 h−2K. This would
require a Doppler factor at least two orders of magnitude
higher than estimated in section 4.1 from the VSOP data
for the intrinsic brightness temperature to remain below
the inverse Compton scattering limit, implying an intrin-
sic origin for the IDV is highly unlikely.
As mentioned in section 1, current radio observations
show that ISS is mainly responsible for the rapid IDV
features. We use the NE2001 Galactic electron density
model (Cordes, Lazio 2002) to investigate the likely ef-
fect of ISS. The model predicts a transition frequency be-
tween weak and strong scattering of 31.7GHz on the line
of sight to PKS 1622−297 (Galactic coordinates l=348.◦8,
b = 13.◦3). In this case the observed frequencies would
be in the strong scattering regime. The very rapid IDV
observed in a few sources has been shown to be due to
weak scattering at frequencies >∼ 5GHz, in very nearby
turbulence (Dennett-Thorpe, de Bruyn 2000; Rickett
et al. 2002; Bignall et al. 2003b). However the IDV seen in
PKS 1622−297 has a characteristic timescale longer than
a day. Our two-day ATCA observations do not provide a
sufficient sample of the variability pattern to estimate the
characteristic timescale accurately. In many epochs we
observe only a steady increase or decrease in flux density.
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Even for the most extreme variations observed, in 2001
June as shown in figure 5, the variability pattern is not
well-sampled. A characteristic timescale of several days is
consistent with refractive interstellar scintillation (RISS)
in the strong scattering regime as would be expected at 4.8
and 8.6GHz for a source along this line of sight through
the Galaxy.
If the transition frequency is close to 30GHz, as ex-
pected from the NE2001 model, then applying the theory
of strong scattering (Walker 1998) we would expect to see
rms modulations of m ≈ 35% at 4.8GHz and m ≈ 50%
at 8.6GHz for a source of angular size θs smaller than
the scattering disk θref . If θs > θref , then the modulation
index will be reduced and the scintillation timescale in-
creased by a factor ∼ θs/θref . The NE2001 model predicts
scattering disk sizes of 0.16mas at 4.8GHz and 0.04mas
at 8.6GHz for the line of sight to PKS 1622−297. The
fitted angular size of component C from the 5GHz VSOP
data is then 3–4 times larger than the predicted scattering
disk, we could therefore expect to see rms modulations of
order 10% or ∼ 150mJy in this component as a result of
RISS. The expected characteristic timescale would be of
order one week, depending on the transverse bulk velocity
of the scattering plasma with respect to the observer. It
may also be the case that some fraction of the flux density
of component C is in an even more compact component
that is unresolved on VLBI scales, so that this would scin-
tillate on a shorter timescale than the more extended com-
ponent. After taking into account that PKS 1622−297 has
significant flux density, ∼ 1 Jy, which is extended on mas
to arcsecond scales, the rms variations observed in the
ATCA data remain somewhat lower in amplitude than
expected from the RISS model. However, since we do not
fully sample the scintillation pattern in the ATCA obser-
vations, the modulation index is almost certainly under-
estimated. We conclude that the IDV observed in ATCA
data is consistent with what is expected due to RISS of
the core component in PKS 1622−297.
As RISS is a stochastic process, sampling of the variabil-
ity over many more days would be required to accurately
estimate the rms flux density variations and characteristic
timescales. However, on longer timescales this source is
also likely to show intrinsic variability which may compli-
cate analysis.
With the addition of PKS 1622−297, short timescale
variability within a few hours to a few days at cm-
wavelengths has been reported in 28 sources (42%) of 67
EGRET-identified AGNs to date (Quirrenbach et al. 1992;
Wagner, Witzel 1995; Kedziora-Chudczer et al. 2001; and
references therein). This compares with a general inci-
dence for IDV among flat-spectrum radio sources of be-
tween 10 and 20% (e.g., Kedziora-Chudczer et al. 2001;
Lovell et al. 2003), suggesting a higher incidence of IDV
among gamma-ray sources, a possibility which has been
noted previously (Wagner, Witzel 1995). If the IDV is
due to ISS, each source should have a compact core be-
tween several tens to a few hundred µas, correspond-
ing to a linear scale of about 1017 cm, depending on the
source’s distance. This linear scale of the core is simi-
lar to, or slightly larger than, those obtained by Sikora
et al. (1997), assuming an external radiation Compton
model (e.g. Sikora et al. 1994) can account for the gamma-
ray emission. Again, the VSOP-2 mission will enable the
inner region of the core to be observed with a maximum
angular resolution of 38µas, comparable to the linear scale
of the gamma-ray emission region. VSOP-2 would cer-
tainly be able to tell us more about how the core flux den-
sity is distributed and would allow us to measure scatter-
broadening in sources which are moderately strongly scat-
tered.
5. Conclusions
We have observed the gamma-ray loud quasar PKS
1622−297 using the HALCA satellite and three ground
radio telescopes. The source was clearly resolved and we
could determine three distinct features, the core and two
jet components, and have confirmed that both jet compo-
nents display superluminal motion. By using the inverse
Compton catastrophe model we estimated the Doppler
factor, δ, as 2.45, and the jet viewing angle, φ, of each
component as larger than 6.◦9. Especially, the inner-
most component has very large viewing angle, φ = 23.◦3.
Both δ and φ are rather different from other gamma-ray
loud AGNs yet observed, though this may be due to the
quasar being in a relatively quiescent (i.e., low bright-
ness temperature) state during the epoch of the VSOP
observation. Although some previous theoretical and ob-
servational studies have implied the possibility of inverse
Compton scattering as the gamma-ray emission mecha-
nism, the VSOP observations at epoch 1998.15 do not on
their own provide any supporting evidence.
We have also presented the results of the ATCA to-
tal flux density monitoring between February 2001 and
February 2002. PKS 1622−297 displays IDV at both 4.8
and 8.6GHz throughout this year. The extremely high
brightness temperature implied for the IDV being due to
fluctuations intrinsic to the source strongly favor refrac-
tive interstellar scintillation as the origin of the IDV.
In either case, compact structure at a level significantly
below the angular resolution of our VSOP observations
can be inferred. Scattering models imply the existence of
a compact core, ∼ 0.1mas in angular size, or ∼ 1017 cm in
linear size. This is comparable to the gamma-ray emitting
region expected from the theoretical model.
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